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 7KHVH PHWKRGV FRPPRQO\ XVH WKH PXOWLSOH QXPHULF
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 7KHW\SHVRIIX]]\PHPEHUVKLSIXQFWLRQVXVHGDUHWKHVDPH
DV WKH SUHYLRXV PHWKRG 2QO\  LQIHUHQFH UXOHV RXW RI 
SRVVLEOH UXOHV [[ FDQ EH GHULYHG 7KH LQIHUHQFH DQG
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VDPHWHFKQLTXHDVIRUWKH5RJHU¶V5DWLRPHWKRG

LLL 'RHUQHQEXUJ5DWLR)X]]\6\VWHP
7KLVPHWKRGILUVWFKHFNVWKHPHDVXUHGFRQFHQWUDWLRQVRIWKH
NH\JDVHVDJDLQVW WKHOLPLWV/DVVSHFLILHG LQ7DEOH$,I
DOODUHZLWKLQWKHOLPLWVWKHQWKHGLDJQRVLVZRXOGEH³QRUPDO´
2WKHUZLVHLWLQGLFDWHVDIDXOWFRQGLWLRQDQGUDWLRVDUHWKHQ
FDOFXODWHGEDVHGRQWKHJDVFRQFHQWUDWLRQVDQGXVHGWRFODVVLI\
WKHIDXOW
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
DV RXWSXW SDUDPHWHU 7KH LQSXW UDWLRV DUH FODVVLILHG DV HLWKHU
/RZ0HGLXPRU+LJKDFFRUGLQJ WRPHPEHUVKLS LQWHUYDOVDV
GHILQHGEHORZ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 7KH IX]]LI\LQJPHPEHUVKLS IXQFWLRQVDUH WKHVDPHW\SHV
XVHG LQ WKH5RJHU¶V5DWLRPHWKRG7KH IX]]\ LQIHUHQFH UXOHV
DUHEDVHGRQ WKH IDXOW LQWHUSUHWDWLRQVKRZQ LQ7DEOH% ,Q
WKLVFDVHRQO\IX]]\LQIHUHQFHVIRUILUVWFROXPQDQGIRU
VHFRQGFROXPQFDQEHGHULYHGRXWRIWKHWRWDORISRVVLEOH
UXOHV[[[[[[

LY 'XYDO7ULDQJOH5DWLR)X]]\6\VWHP
7KLVV\VWHPFRQVLVWVRIJDVSHUFHQWDJHVDVWKHLQSXWVDQG
WKH UHJLRQV LQ WKH'XYDO WULDQJOHDV WKHRXWSXWV6LPLODUWR
WKHDSSURDFKXVHGLQWKHSUHYLRXVPHWKRGDWOHDVWRQHRIWKH
JDV YDOXHVPXVW H[FHHG D VSHFLILHG OLPLW / LQ RUGHU WR EH
FRQVLGHUHG DV KDYLQJ D IDXOW 7DEOH  OLVWV WKH JDV OLPLWLQJ
YDOXHVIRUWKH'XYDO7ULDQJOHPHWKRG
7$%/(
//,0,76)25'89$/75,$1*/(0(7+2'>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
7KHJDVSHUFHQWDJHVDUHGLYLGHGLQWRLQWHUYDOV=WR=
IRU&+SHUFHQWDJH6WR6 IRU&+SHUFHQWDJHDQG3WR
3 IRU &+ SHUFHQWDJH 7KHVH DUH VKRZQ LQ )LJXUH  DQG
GHILQHGDVIROORZV

)LJ'XYDO7ULDQJOHFODVVLILFDWLRQ
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
7KH W\SHV RI IX]]\ PHPEHUVKLS IXQFWLRQ XVHG IRU WKLV
PHWKRG DUH WKH VDPH DV IRU SUHYLRXV PHWKRGV %DVHG RQ
PHPEHUVKLSIXQFWLRQVRIWKHLQSXWVWKLVV\VWHPFDQKDYHXSWR
UXOHV[[+RZHYHUDVWKHWRWDO&+&+
&+PXVWEHVRPHUXOHVDUHQRWXVHG7KHUXOHVZHUH
GHYHORSHGEDVHGRQWKHUHJLRQVVKRZQLQ)LJXUH

)LJXUH5HJLRQVXVHGWRGHYHORS'XYDO7ULDQJOH)X]]\V\VWHP

2QO\UXOHVZHUHFUHDWHGIRUWKLVPHWKRG7KHVHDUHEDVHG
RQWKHUXOHVFRYHULQJHDFKUHJLRQLQ)LJXUHDVOLVWHGEHORZ
' UXOHV    ' UXOHV
'7 UXOHV    7 UXOHV
7 UXOHV    7 UXOHV
3' UXOHV   7RWDO UXOHV
7KHUXOHFRPSRQHQWVDQGWKHRXWSXWLQIHUHQFHVRIWKLVPHWKRG
ZHUH GHULYHG XVLQJ WKH VDPH WHFKQLTXH DV WKH SUHYLRXV
PHWKRG

Y .H\*DV)X]]\6\VWHP
7KLVV\VWHPLVEDVHGRQWKHYDOXHVRIWKHIDXOWJDVHVZKHQ
DW OHDVW RQH H[FHHGV WKH WKUHVKROG YDOXH +HUH DOO ILYH NH\
JDVHVZHUHXVHGDVLQSXWVDQGWKHRXWSXWLVWKHIDXOWW\SHVDV
FODVVLILHG LQ7DEOH 7KHPHPEHUVKLS RI WKH IX]]\ VHW ³/R´
³0HG´RU³+L´ZDVXVHGIRUHDFKIDXOWJDV

YL /RJDULWKPLF1RPRJUDSK)X]]\6\VWHP
7KLVPHWKRGFRPELQHV WKH IDXOWJDVUDWLRFRQFHSWZLWKWKH
.H\ *DV WKUHVKROG YDOXH ,W FRQVLVWV RI D VHULHV RI YHUWLFDO
ORJDULWKPLF VFDOHV UHSUHVHQWLQJ WKH FRQFHQWUDWLRQV RI WKH
LQGLYLGXDO JDVHV 6WUDLJKW OLQHV DUH GUDZQ EHWZHHQ DGMDFHQW
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VFDOHV WR FRQQHFW WKH SRLQWV UHSUHVHQWLQJ WKH YDOXHV RI WKH
LQGLYLGXDO JDV FRQFHQWUDWLRQ 7KH GLDJQRVWLF FULWHULD IRU
GHWHUPLQLQJWKHW\SHRI IDXOWDUHEDVHGRQWKHVORSHVRIWKHVH
OLQHV7KHUHDUHIX]]\LQIHUHQFHUXOHV[[ZKLFKLVW\SH
RIVORSHPXOWLSOLHGZLWKW\SHRI IDXOWVDQGQXPEHURIYHUWLFDO
D[HV 7KH PHPEHUVKLS IXQFWLRQV DUH WKH OLQHDU W\SH /
IXQFWLRQDQGΓ IXQFWLRQ
,,, 5(68/76

(DFKPHWKRGZDVWHVWHGDJDLQVWDOOWKHFDVHVLQWKHGDWD
VHW7KHSHUFHQWDJHVRIVXFFHVVIXOSUHGLFWLRQDQGFRQVLVWHQF\
DUHFDOFXODWHGXVLQJWKHIROORZLQJIRUPXODV



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
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7KHUHVXOWVDUH SUHVHQWHG LQ7DEOH  )RU V\VWHPVZLWKRXW
IX]]\ ORJLF LW FOHDUO\ VKRZV WKDW WKRVH PHWKRGV ZKLFK WDNH
LQWR DFFRXQW WKH OLPLW YDOXH RI IDXOW JDVHV EHIRUH GRLQJ
GLDJQRVLV KDYH EHWWHU VXFFHVV LQ SUHGLFWLQJ WKH QRUPDO
FRQGLWLRQ 2Q WKH RWKHU KDQG PHWKRGV WKDW KDYH QR OLPLW
YDOXHV RI IDXOW JDVHV DOZD\V IDLO WR SUHGLFW WKH QRUPDO
FRQGLWLRQ 7KLV DIIHFWV WKH FRQVLVWHQF\ UHVXOW 1RWH WKH ORZ
FRQVLVWHQF\ YDOXH  ZLWK VRPH RI WKH PHWKRGV ,W LV
IRXQG WKDW WKH'XYDO7ULDQJOHPHWKRG LV WKHPRVW FRQVLVWHQW
PHWKRGIROORZHGE\WKH.H\*DV1RPRJUDSK'RHUQHQEXUJ
,(& 5DWLR DQG ODVWO\ WKH 5RJHU 5DWLR PHWKRG ZKHQ WHVWHG
ZLWKRXWXVLQJIX]]\ORJLF
%\ DSSO\LQJ IX]]\ ORJLF WKH DQDO\VLV VKRZV WKDW WKH
FRQVLVWHQFLHV RIPRVWPHWKRGV DUH LPSURYHG7KH H[FHSWLRQV
DUH WKH 1RPRJUDSK DQG WKH .H\ *DV PHWKRG ZKHUH
FRQVLVWHQFLHV UHPDLQDW WKHVDPHYDOXHV7KH'XYDO7ULDQJOH
PHWKRG LV VWLOO WKH PRVW FRQVLVWHQW PHWKRG ZLWK 
FRQVLVWHQF\ LPSURYHPHQW IROORZHG E\ .H\ *DV ZLWK QR
LPSURYHPHQW 1RPRJUDSK ZLWK QR LPSURYHPHQW
'RHUQHQEXUJ ZLWK  LPSURYHPHQW ,(& ZLWK 
LPSURYHPHQW DQG ODVWO\ 5RJHU¶V PHWKRG ZLWK 
LPSURYHPHQW
,WZDV DOVR IRXQG WKDW IRU ERWK W\SHV RI V\VWHPV WKH EHVW
PHWKRGV IRU SUHGLFWLQJ IDXOW W\SHV ) DQG ) DUH WKH 'XYDO
7ULDQJOHDQGWKH.H\*DVPHWKRG7KH'XYDO7ULDQJOHPHWKRG
DOVR LV WKH EHVWPHWKRG IRU SUHGLFWLQJ IDXOW W\SHV) DQG)
2WKHU WKDQ WKH 'XYDO 7ULDQJOH WKH 1RPRJUDSK LV WKH EHVW
PHWKRGIRUSUHGLFWLQJIDXOWW\SHV)DQG)
,QDGGLWLRQWRFRQVLVWHQF\WKHDFFXUDF\RIHDFKPHWKRGLV
DQRWKHUSDUDPHWHUXVHGIRUFRPSDULVRQ+HUH WKH DFFXUDF\ LV
FDOFXODWHGLQWZRGLIIHUHQWZD\V$SZKHQFRQVLGHULQJRQO\WKH
SUHGLFWHGFDVHV7SDQG$7ZKHQFRQVLGHULQJWKHWRWDOQXPEHU
RIFDVHV7&7KHLUIRUPXODVDUH
                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1R
SUHGLFWLRQV
713
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1XPEHURI
SUHGLFWLRQV
73
           
&RUUHFW
SUHGLFWLRQV
75
           
,QFRUUHFW
SUHGLFWLRQV
7:
           
$FFXUDF\
SUHGLFWHG
FDVHV$3
           
$FFXUDF\
WRWDOFDVHV
$7
           

7KHUHVXOWVDUHVXPPDUL]HGLQ7DEOH:LWKRXWXVLQJIX]]\
ORJLF WKH UHVXOWV EDVHG RQ WKH SUHGLFWHG FDVHV VKRZ WKDW DOO
PHWKRGV KDYH DFFXUDF\ PRUH WKDQ  SHUFHQW 7KH PRVW
DFFXUDWHLVWKH,(&5DWLRPHWKRGIROORZHGE\WKH5RJHU5DWLR
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'RHUQHQEXUJ 'XYDO 7ULDQJOH .H\ *DV DQG 1RPRJUDSK
PHWKRG $V FDQ EH VHHQ IURP WKH WDEOH WKRVH PHWKRGV WKDW
XVHG VSHFLILF FRGH LQ WKHLU GLDJQRVLV KDYH KLJK DFFXUDF\
! 2Q WKH RWKHU KDQG PHWKRGV WKDW XVH GLUHFW
LQWHUSUHWDWLRQ EDVHG RQ HDFK YDOXH RI IDXOW JDVHV DUH OHVV
DFFXUDWH+RZHYHUWKHDFFXUDF\EDVHGRQWKHWRWDOQXPEHURI
FDVHVVKRZVDGLIIHUHQWWUHQG%HFDXVHRIWKHKLJKQXPEHURI
FDVHV ZLWK QR SUHGLFWLRQ WKH DFFXUDF\ GURSV VLJQLILFDQWO\
IRUPHWKRGVWKDWXVHGVSHFLILFFRGHVLQWKHGLDJQRVLV
:KHQ IX]]\ ORJLFZDV DSSOLHG WKH DFFXUDF\ EDVHG RQ WKH
WRWDO QXPEHU RI FDVHV LPSURYHV DV WKH QXPEHU RI µQR
SUHGLFWLRQV¶LVQRZVPDOOHU7KHDFFXUDF\RIWKH5RJHU5DWLR
PHWKRG KDV LQFUHDVHG E\  ,(& PHWKRG E\ 
'RHUQHQEXUJ E\  DQG 'XYDO 7ULDQJOH E\  $V
1RPRJUDSKDQG.H\*DVDUHWKHWZRPHWKRGVWKDWXVHGLUHFW
YDOXHV RI IDXOW JDVHV WKHDSSOLFDWLRQ RI IX]]\ ORJLF GRHV QRW
DIIHFWWKHLUDFFXUDF\YDOXHV
,9 &21&/86,21
,Q WKLV SDSHU D FRPSUHKHQVLYH LQYHVWLJDWLRQ RI YDULRXV
PHWKRGVIRULQWHUSUHWLQJ'*$UHVXOWVZDVFDUULHGRXWDQGWKH
SRVVLELOLW\ RI LPSURYLQJ WKH GLDJQRVLVZLWK WKH DLG RI IX]]\
ORJLFZDVH[SORUHG7KHUHVXOWVVKRZWKDWWKRVHPHWKRGVXVLQJ
VSHFLILF FRGHV LQ WKHLU LQWHUSUHWDWLRQ KDYH KLJKHU YDOXH RI
DFFXUDF\IRUSUHGLFWHGFDVHVLQERWKV\VWHPVZLWKRUZLWKRXW
IX]]\ORJLFZKHQFRPSDUHGWRRWKHUV+RZHYHUWKHDFFXUDF\
LVVRPHZKDWZRUVHQHGZKHQIX]]\V\VWHPZDVDSSOLHG7KLVLV
EHFDXVHWKHQXPEHURISUHGLFWLRQVZKHQXVLQJIX]]\V\VWHPLV
LQFUHDVHG DQG WKLV LQFUHDVHV WKH SRVVLELOLW\ RI LQFRUUHFW
SUHGLFWLRQV +RZHYHU WKHUH DUH VRPH LPSURYHPHQWV RQ WKH
DFFXUDF\EDVHGRQWRWDOFDVHVDQGWKHFRQVLVWHQF\ZKHQXVLQJ
IX]]\ V\VWHP IRU WKHVH PHWKRGV HYHQ WKRXJK WKH YDOXHV DUH
VWLOOOHVVWKDQRWKHUPHWKRGV
7KHUHYHUVHGUHVXOWVZHUHIRXQGIRUWKRVHPHWKRGVWKDWXVH
GLUHFW YDOXHV RI IDXOW JDVHV LQ WKHLU LQWHUSUHWDWLRQ DV DJDLQVW
PHWKRGV WKDW XVH VSHFLILF FRGHV7KHVHPHWKRGV KDYH KLJKHU
FRQVLVWHQF\ DQG DFFXUDF\ EDVHG RQ WRWDO FDVHV EXW KDYH ORZ
YDOXHV RI DFFXUDF\ EDVHG RQ SUHGLFWHG FDVHV DV FRPSDUH WR
RWKHUPHWKRGVLQERWKV\VWHPV7KLVLVH[SHFWHGEHFDXVHWKH\
DWWHPSWWRSURYLGHSUHGLFWLRQV IRUDOOFDVHV%XWDVWKH\KDYH
DOO WKH LQWHUSUHWDWLRQV WKH SUHGLFWLRQ LV OLNHO\ WR EH LQFRUUHFW
IRUFHUWDLQFDVHV,QGHHGIRUWKHVHPHWKRGVWKHDSSOLFDWLRQRI
IX]]\ V\VWHPGRHV QRW LPSURYH WKH GLDJQRVLV UHVXOWV7KLV LV
EHFDXVH WKHVH PHWKRGV DUH GLUHFW PHWKRGV DQG GR QRW KDYH
PXOWLSOHQXPHULFWKUHVKROGVDQGJDVUDWLRERXQGDULHVWKDWFDQ
EHLPSURYHGE\DSSO\LQJIX]]\PHPEHUVKLSIXQFWLRQ

95()(5(1&(

 46X HW DO $ )X]]\ 'LVVROYHG *DV $QDO\VLV 0HWKRG IRU 7KH
'LDJQRVLV RI 0XOWLSOH ,QFLSLHQW )DXOWV LQ D 7UDQVIRUPHU ,(((
7UDQVDFWLRQ2Q3RZHU6\VWHPS
 <DQQ&KDQJ +XDQJ +RQJ7]HU <DQJ DQG &KLQJ/LHQ +XDQJ
'HVLJQ RI UREXVW WUDQVIRUPHU IDXOW GLDJQRVLV V\VWHP XVLQJ
HYROXWLRQDU\ IX]]\ ORJLF 
&RQQHFWLQJ WKH :RUOG
  ,(((
,QWHUQDWLRQDO 6\PSRVLXPRQ &LUFXLWV DQG 6\VWHPV  ,6&$6

S
 'HQJKXD 0 $ QHZ IX]]\ LQIRUPDWLRQ RSWLPL]DWLRQ SURFHVVLQJ
WHFKQLTXH IRU PRQLWRULQJ WKH WUDQVIRUPHU (LJKWK ,QWHUQDWLRQDO
&RQIHUHQFH RQ 'LHOHFWULF 0DWHULDOV 0HDVXUHPHQWV DQG
$SSOLFDWLRQV,((&RQI3XEO1RS
 +RQJ]KRQJ0 HW DO'LDJQRVLV RI SRZHU WUDQVIRUPHU IDXOWV RQ
IX]]\WKUHHUDWLRPHWKRG7KHWK,QWHUQDWLRQDO3RZHU(QJLQHHULQJ
&RQIHUHQFH,3(&
 6LYD 6DUPD '966 DQG *16 .DO\DQL $11 $SSURDFK IRU
&RQGLWLRQ 0RQLWRULQJ RI 3RZHU 7UDQVIRUPHUV XVLQJ '*$ 
,((( 5HJLRQ &RQIHUHQFH7(1&21   & S 

 'L*LRUJLR -%  'LVVROYHG *DV $QDO\VLV RI 0LQHUDO 2LO
,QVXODWLQJ )OXLGV '*$ ([SHUW 6\VWHP $ /HDGHU LQ 4XDOLW\
9DOXHDQG([SHULHQFH9ROXPH
 <DQJ)DQG=/LDQJ&RPSUHKHQVLYHPHWKRGGHWHFWLQJWKHVWDWXV
RI WKH WUDQVIRUPHU EDVHG RQ WKH DUWLILFLDO LQWHOOLJHQFH 
,QWHUQDWLRQDO &RQIHUHQFH RQ 3RZHU 6\VWHP 7HFKQRORJ\ 
3RZHU&RQS
 & , ,((( *XLGH IRU ,QWHUSUHWDWLRQ RI *DVHV
*HQHUDWHG LQ 2LO,PPHUVHG 7UDQVIRUPHU , 7KH ,QVWLWXWH RI
(OHFWULFDODQG(OHFWURQLF(QJLQHHUV(GLWRU7KH,QVWLWXWHRI
(OHFWULFDODQG(OHFWURQLF(QJLQHHUV,QFS
 ),67 )DFLOLWLHV ,QVWUXFWLRQV 6WDQGDUGV DQG 7HFKQLTXHV
9ROXPH  7UDQVIRUPHU 'LDJQRVWLFV  %XUHDX RI
5HFODPDWLRQ +\GURHOHFWULF 5HVHDUFK DQG 7HFKQLFDO 6HUYLFHV
*URXS'HQYHUS

9,%,2*5$3+,(6
1RU$VLDK0XKDPDGOHFWXUHVLQWKH)DFXOW\RI(OHFWULFDO
(QJLQHHULQJ 8QLYHUVLWL 7HNQRORJL 0DOD\VLD VLQFH 
&XUUHQWO\ GRLQJ 3K' DW WKH 8QLYHUVLW\ RI 1HZ 6RXWK
:DOHV$XVWUDOLD5HFHLYHG%DFKHORU GHJUHH LQ(OHFWULFDO
DQG (OHFWURQLF (QJLQHHULQJ IURP 8QLYHUVLWL 7HNQRORJL
3(7521$6 0DOD\VLD LQ  DQG 0DVWHU GHJUHH LQ
(OHFWULFDO 3RZHU (QJLQHHULQJ IURP 8QLYHUVLW\ RI 6RXWK
$XVWUDOLD LQ  6WDUW GRLQJ UHVHDUFK LQ SRZHU V\VWHP
HTXLSPHQWPRQLWRULQJVLQFHDQGWKHPDLQWRSLFVUHODWHGWRWKLVZRUNDUH
LQVXODWLRQGLDJQRVLVDQGQHZV\VWHPVIRUFRQGLWLRQPRQLWRULQJ

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